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We produced capsids of Merkel cell polyomavirus (MCPyV) in a baculovirus expression system and devel-
oped a virus-like particle (VLP) enzyme-linked immunosorbent assay (ELISA). To determine age-specific
seroprevalence, serum samples were collected from 947 individuals attending hospital outpatient clinics and
ranging in age from 1 to 93 years. To evaluate the association between exposure to MCPyV and Merkel cell
cancer (MCC), plasma samples were obtained from 33 MCC patients and 37 controls. MCPyV seroprevalence
was 45% in children under 10 years of age, increased to 60% in the next decade of life, and peaked at 81%
among those 60 to 69 years of age. Levels of MCPyV capsid antibodies were positively correlated with age (P �
0.007). Virus specificity of MCPyV seroreactivity was supported by competitive inhibition of reactivity by
MCPyV VLPs and not by BK polyomavirus (BKPyV) VLPs. MCPyV seroprevalence was greater among MCC
patients (91%) than controls (68%; age-adjusted P value, 0.32); the mean level of MCPyV antibodies was also
greater (P � 0.04). The age-specific seroprevalence of MCPyV shares with previously known polyomaviruses,
BKPyV and JC polyomavirus (JCPyV), evidence of widespread exposure in human populations beginning early
in life. MCPyV age-specific seroprevalence also has unique features. Seroprevalence among children is higher
than that of JCPyV but lower than that of BKPyV. Among older adults, MCPyV seroprevalence remains high,
while that of BKPyV declines and that of JCPyV continues to rise. In agreement with results from other studies,
we found an association between MCPyV seropositivity and MCC, and higher levels of serum MCPyV capsid
antibodies in MCC patients than in controls.

Merkel cell polyomavirus (MCPyV), a new human polyoma-
virus, was recently discovered by molecular techniques in
Merkel cell carcinoma (MCC) (11), a rare and aggressive skin
tumor (20, 22). Studies from North America and Europe have
detected MCPyV DNA by PCR in 69 to 100% of MCC tumors
(1, 9, 11, 13, 14, 17, 25). The virus has also been detected in
rare instances and in low copy numbers in cutaneous, gastro-
intestinal, and respiratory tract samples from healthy individ-
uals (2, 11, 15). Little is known about the natural history of
MCPyV infection in human populations. Serological assays can
reveal the extent of past exposure to a virus and provide in-
sights into its epidemiology. We and others have developed
virus-like particle (VLP)-based enzyme-linked immunosorbent
assays (ELISAs) to measure antibodies to various human and
animal polyomaviruses (10, 27, 31). Polyomavirus VLPs are
empty viral capsids produced by expression of the gene for the
major capsid protein, VP1, in a eukaryotic expression system.
VLPs resemble native virions morphologically and retain their
immunological properties, including the ability to bind antivi-
ral capsid antibodies. We now report the development of a
VLP-based ELISA to detect antibodies to MCPyV and its
application for comparison of the age-specific seropreva-

lence of MCPyV to those of two other human polyomavi-
ruses initially discovered about 4 decades ago, JC polyoma-
virus (JCPyV) and BK polyomavirus (BKPyV). We also used
the assay to examine the association between prior exposure
to MCPyV and MCC in samples from patients and controls.

MATERIALS AND METHODS

Study populations. For determination of polyomavirus age-specific seropreva-
lence, serum samples were collected from 947 individuals attending outpatient
clinics of the Università degli Studi di Roma La Sapienza, Rome, Italy, between
January 2005 and June 2008. Study participants ranged in age from 1 to 93 years
and comprised 568 individuals identified as males, 374 individuals identified as
females, and 5 individuals whose gender was unknown. The majority of partic-
ipants (n � 720; 76%) were recruited from general medical, pediatric, infectious
disease, and surgical clinics. Smaller numbers were identified through clinics for
hematology (n � 93; 9.8%), transplant/dialysis (n � 67; 7.1%), and cystic fibrosis
(n � 17, 1.8%) and various subspecialty clinics (n � 50; 5.1%). All procedures for
obtaining serum samples were approved by an institutional medical ethics com-
mittee.

For evaluation of the association between exposure to MCPyV and MCC, a
case-control analysis was conducted using plasma samples obtained from 33
MCC patients and 37 cancer-free controls. The MCC group comprised patients
diagnosed with and/or treated for histologically confirmed MCC within the
Cutaneous Oncology Program at Moffitt Cancer Center, Tampa, FL, in the
period from 2006 to 2008, including 25 males and 8 females (ages 53 to 88 years;
median age, 74 years). Fresh frozen MCC tumor tissues were also available from
nine of these patients. Controls comprised patients undergoing skin cancer
screening exams at Moffitt’s Lifetime Cancer Screening facility and/or the Uni-
versity of South Florida Family Medicine Clinic, Tampa. The control subjects
had no history of any type of skin cancer and were determined to be negative for
all types of skin cancer by a nurse practitioner. All study participants provided
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informed consent, and all study procedures were approved by the institutional
review board at the University of South Florida.

Construction of MCPyV VLPs. The entire open reading frame (ORF) of the
VP1 gene of MCPyV strain MC 339 (GenBank accession number EU375804)
with a Kozak consensus sequence and unique restriction sites (EcoRI/NotI) at
each end was artificially engineered by PCR-based gene synthesis (performed by
GeneScript Inc.) and cloned into a pUC57 vector. The VP1 gene was subcloned
between the EcoRI/NotI sites of the pORB baculovirus transfer vector (Orbi-
gen). Spodoptera frugiperda Sf9 cells were cotransfected with the transfer vector
and linear baculovirus DNA (DiamondBac; Sigma) using Cellfectin reagent as
suggested by the manufacturer (Invitrogen). Five days posttransfection, the re-
covered recombinant baculovirus was further amplified by large-scale infection
of Sf9 cells in TNM-FH (Allele Biotechnology, San Diego, CA)–10% fetal
bovine serum (FBS). For large-scale production of VLPs, 108 Trichoplusia ni
(High Five) cells (Invitrogen, Carlsbad, CA) grown as adherent cultures in a
tissue culture plate (245 by 245 mm; Nunc) were infected with 5 ml of a high-titer
recombinant baculovirus stock in 95 ml of Ex-Cell 400 medium (JRH Biosci-
ences) per plate. After 96 h of incubation at 27°C, the cells were harvested and
collected by centrifugation at 2,000 rpm in a Sorvall FH18/250 rotor for 5 min.
The cell pellet was resuspended in VLP extraction buffer (50 mM Tris, pH 7, 150
mM NaCl, 2 mM MgCl2, 1 mM CaCl2), and the VLPs were released by 3
freeze-thaw cycles. The lysate was clarified by centrifugation at 8,000 � g for 30
min and further delipidated by Freon extraction. The lysate was then loaded onto
a cushion of 30% sucrose in VLP buffer and centrifuged in an SW28 rotor at
27,000 rpm for 4 h at 4°C. The resulting pellet was resuspended in VLP buffer
with 0.5 M NaCl, loaded onto a discontinuous OptiPrep gradient (26 and 32%),
and centrifuged in an SW40 rotor at 37,000 rpm for 4 h at 16°C. The band
collected at the 26%/32% interface was diluted 3-fold with VLP buffer, loaded
onto a discontinuous CsCl gradient (densities of 1.2 and 1.4 g/ml), and centri-
fuged in an SW40 rotor at 37,000 rpm for 4 h at 4°C. Bands at the 1.2/1.4
interface were collected and stored at 4°C.

Total particle protein was measured by using the Bio-Rad protein assay kit and
immunoglobulin G (IgG) as a standard. The purity of VLPs was assessed by
SDS-PAGE, and capsid formation was assessed by electron microscopy. For
direct visualization of VLPs by electron microscopy, an aliquot of diluted parti-
cles was placed on a 300-mesh Formvar/carbon-coated copper grid (Electron
Microscopy Sciences, Hatfield, PA) and the grid was allowed to absorb for 5 min,
washed briefly with distilled water (dH2O), and air dried. A drop (10 �l) of 2%
phosphotungstic acid (pH 7.0) was placed on the grid for 1 min. The stain was
removed, and the grid was allowed to air dry prior to examination by transmis-
sion electron microscopy. The microscopy was performed with a JEOL 1200
transmission electron microscope, with micrographs of random sections taken at
various magnifications.

VLP ELISAs. BK and JC polyomavirus VLPs were produced as described
previously (31). For ELISAs, MCPyV, BKPyV, and JCPyV particle proteins
were diluted, respectively, to 0.25, 0.20, and 0.50 �g per ml in phosphate-buffered
saline (PBS; pH 7.4) and 100 �l was added to each well of 96-well polystyrene
flat-bottom PolySorp plates (Nunc, Naperville, IL). The plates were incubated
overnight at 4°C. After the antigen solution was removed, each well of the plates
was blocked for 2 h at room temperature with 300 �l of 0.5% (wt vol�1) polyvinyl
alcohol (PVA) at a molecular weight (MW) of 30,000 to 70,000 (Sigma, St. Louis,
MO) in Blocker casein in PBS (Pierce). The blocking solution was removed and
serum samples, diluted 1:200 in blocking solution, were added to the antigen-
coated plates. The plates were incubated at 37°C for 1 h on a microplate shaker
and then washed four times with PBS–0.05% Tween 20 in an automatic plate
washer (SkanWasher 300; Skatron). Goat anti-human immunoglobulin G con-
jugated with horseradish peroxidase (HRP; Southern Biotech, Birmingham, AL)
was diluted 1:4,000 in a solution of 0.5% PVA, 0.025% Tween 20, and 0.8% (wt
vol�1) polyvinylpyrrolidone at an average molecular weight of 360,000 (Sigma) in
PBS, and 100 �l of the dilution was added to each well. The plates were
incubated at 37°C for 30 min on a microplate shaker and then washed as
described above. Freshly prepared 2,2�-azino-di-(3-ethylbenzthiazoline-6-sulfo-
nate) hydrogen peroxide solution (Kirkegaard & Perry, Gaithersburg, MD) pre-
warmed to 37°C was added at 100 �l per well. The plates were incubated at room
temperature in the dark for 20 min. The enzyme reaction was stopped by the
addition of 100 �l of 1% sodium dodecyl sulfate to each well of all plates. The
plates were read at 405 nm in an automated microtiter plate reader (Molecular
Devices, Menlo Park, CA) with a reference wavelength of 490 nm. For the
age-specific seroprevalence analysis, optical density (OD) values were classified
as seropositive or seronegative as described in “Statistical analyses.”

To test for possible serological cross-reactivity, representative serum samples
underwent competitive inhibition (“blocking”) assays. Serum samples were di-
luted 1:800 in PVA-casein buffer containing 0.05 �g/ml of BKPyV or MCPyV

VLP protein or buffer alone. After incubation for 1 h at 37 C, the serum samples
were transferred to a MCPyV-coated microtiter plate and the ELISA was com-
pleted as described above. Percent inhibition was calculated as follows: 1 OD
value of blocking VLP/OD value of buffer control � 100.

For the analysis of MCC patient and control serum samples, antibody levels
were expressed in enzyme immunoassay (EIA) units. Quantitation of antibodies
to MCPyV and BKPyV VLPs was performed by incubating serial 2-fold dilutions
of test sera and a reference serum in duplicate, beginning with a 1:200 dilution,
on VLP-coated plates. From dilutions of the reference serum, a standard curve
was constructed using a four-parameter equation as implemented in the software
package SoftMax Pro. The four-parameter equation is as follows: A � {(B �

A)/[1 � (C/OD)D]}, where A is the minimum asymptote of the curve, B is the
maximum asymptote of the curve, C is the midpoint of the curve, and D is the
slope of the curve. The highest dilution of the reference serum that gave an OD
value greater than twice the mean for PBS controls was arbitrarily assigned as 1
EIA unit. The operational range of the standard curve was from 1 to 4,096 EIA
units. The EIA units of serum samples at each dilution were calculated by
interpolating off the standard curve and multiplying by the dilution factor above
1:200. The titer for individual serum samples was the mean of EIA units of two
dilutions of the serum that fell within the operational range of the reference
curve (from approximately 5 to 500 EIA units).

Measurement of MCPyV DNA in MCC tumor tissues. The presence of
MCPyV DNA in the nine fresh frozen MCC tumor tissues was assessed using
SYBR green real-time PCR (RT-PCR) for the amplification of the T-antigen
region of the MCPyV genome with primers MCV236F (5�-GCA AGC TTT TGG
AGA TTG CT-3�) and MCV373R (5�-TCC AAA GGG TGT TCA ATT CC-3�).
A standard curve was generated using serial dilutions of T-antigen plasmid, and
the same plasmid was used as an MCPyV-positive control for the assay. MCPyV-
negative controls included water blanks, human male DNA (Promega), and
human papillomavirus type 16 (HPV16)-positive Caski cells. Each primer was
diluted to 0.075 �M, and each purified DNA specimen was diluted to 5 ng/�l.
SYBR green master mix (AB Applied Biosystems) was diluted to a 1� final
concentration. RT-PCR was performed with 17.5 ng of purified genomic DNA
using SYBR green in a final reaction volume of 10 �l. Each primer set was
evaluated using 40 cycles on the ABI 7900HT real-time analyzer. For the pur-
pose of the present analysis, tumors were considered MCPyV DNA positive if
the estimated viral copy number was greater than zero.

Statistical analyses. Previous studies have suggested that exposure to human
polyomaviruses occurs early in life. Therefore, very young children represent a
population with a low likelihood of exposure. We used serum samples from
infants and children less than 10 years of age to derive a cutoff point for
polyomavirus seropositivity. Histograms were constructed for numbers of serum
samples on a continuous scale (referred to as the density; y axis) and OD values
on a continuous scale (x axis). The histograms revealed a bimodal age distribu-
tion of seroreactivity to the three viruses, although the valley between the dis-
tributions was more evident for BKPyV and JCPyV than for MCPyV (Fig. 1).
Binary cutoff points for seropositivity were defined as the mean of the lower
distribution plus two standard deviations and were equal to 0.367, 0.434, and
0.777 OD units for JCPyV, BKPyV, and MCPyV, respectively. By using these
cutoff points, serology results were dichotomized as antibody positive and neg-
ative.

For the Italian study population, age-specific seroprevalence was calculated
for 10-year intervals from �10 years of age to �70 years of age. To examine
differences in age-adjusted seroprevalences by gender, logistic regression was
used, including seropositivity as the dependent variable and gender and age (as
a continuous variable) as independent variables. The P value corresponding to
the gender coefficient was used to determine the statistical significance of gen-
der-associated differences in age-adjusted seroprevalences. A similar approach
was used to compare age-adjusted seroprevalences between patients recruited
from specialty clinics and those recruited from general clinics.

To compare MCPyV and BKPyV antibody levels between MCC patients and
controls, antibody levels were first log transformed to achieve a normal distri-
bution. Log-transformed values were then compared between MCC patients and
controls using a t test. Adjustment for age was conducted using logistic regres-
sion, with case-control status serving as the dependent variable and age and
log-transformed antibody values serving as continuous independent variables.
With the binary cutoff points defined above, MCPyV and BKPyV seropositivity
statuses were first compared between MCC patients and controls using Fisher’s
exact test. Age adjustment was conducted using logistic regression, with sero-
positivity and age as continuous independent variables.
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RESULTS

Production of MCPyV VLPs. The VP1 gene of MCPyV was
expressed in insect cells from a recombinant baculovirus, and
the cell lysate was subjected to a protocol we have used pre-
viously to prepare VLPs of human polyomaviruses and papil-
lomaviruses. A band was detected at the 26%/32% OptiPrep
interface, where VLPs are normally found, and the sample col-
lected at the OptiPrep interface banded in CsCl at the 1.2/1.4
interface, consistent with the expected density of a polyomavi-
rus VLP. Upon SDS-PAGE, the purified MCPyV particle pro-
tein yielded a major band of 	45 kDa, a slightly higher mo-
lecular mass than those of the 	41-kDa VP1 proteins of
BKPyV and JCPyV (Fig. 2). For all the VLP preparations, a
lighter higher-molecular-mass band corresponding to a dimer
of VP1 was also visible, and for JCPyV, a faint band the size of
a trimer was visible. Analysis of the purified MCPyV prepara-
tion by electron microscopy showed the presence of fully as-
sembled VLPs with the approximate size of 45 nm (Fig. 3).

Age-specific seroprevalence. The age-specific seroprevalences
of MCPyV, BKPyV, and JCPyV are shown in Fig. 4 and Table
1. For JCPyV, seroprevalence increased with age, the steepest
increase being observed between children �10 years of age
(9.5%) and those 10 to 19 years of age (50%). JCPyV sero-
prevalence continued to increase after age 20, peaking at 80%
in those �70 years of age. BKPyV seroprevalence among those
�10 years of age was 62%, and it peaked in the second decade
of life (79%) and then held steady during the third and fourth
decades of life and began to gradually decline in those 40 to 49
years of age (64%), reaching a low point of 55% in those �70
years of age. MCPyV seroprevalence fell between that of
BKPyV and JCPyV in those �10 years of age (45%), rose to

FIG. 1. Histograms of seroreactivities to JCPyV (JCV) (A),
BKPyV (BKV) (B), and MCPyV (MPV) (C) VP1 virus-like particles of
samples from 42 children less than 10 years of age. The density is the
number of serum samples on a continuous scale.

FIG. 2. SDS-PAGE analysis of Merkel cell polyomavirus, BK virus,
and JC virus VP1 virus-like particles. Five-microgram samples of gra-
dient-purified MCPyV (MC), BKPyV (BK), or JCPyV (JC) VP1 virus-
like particles produced in insect cells from recombinant baculoviruses
were subjected to SDS-PAGE. Molecular weight markers (MW) are
shown in lane 1, with the sizes of markers (103) indicated to the left of
the gel.
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60% in those 10 to 19 years of age, and eventually surpassed
those of both JCPyV and BKPyV by the fifth decade of life
(70%). MCPyV seroprevalence peaked in those 60 to 69 years
of age (81%) and fell slightly among those �70 years of age
(73%). MCPyV titers expressed in OD values were positively
associated with age (Spearman correlation, r � 0.103; P �
0.007), and BKPyV titers were negatively associated with age
(r � �0.12; P � 0.003); age was not associated with JCPyV
titers (r � 0.047; P � 0.247). Similar age-related patterns in
polyomavirus seroprevalence were observed in males and fe-
males. There were no significant differences in age-adjusted
MCPyV, BKPyV, or JCPyV seroprevalences between patients
attending general medical clinics and those attending subspe-
cialty clinics (data not shown).

Specificity of MCPyV seroreactivity. There were no correla-
tions between levels of antibodies to MCPyV, JCPyV, and
BKPyV (MCPyV versus JCPyV, r � 0.043; MCPyV versus
BKPyV, r � �0.061; and BKPyV versus JCPyV, r � �0.043),
indicating little or no cross-reactivity among the viruses. The
specificity of MCPyV seroreactivity was assessed by competi-
tive inhibition assays. Reactivity of 74 serum samples in the
MCPyV ELISA was strongly inhibited by preincubation with
MCPyV VLPs (median percent inhibition, 94.8%; interquar-
tile range [IQR], 91.5 to 97.4%; minimum inhibition, 57.6%)
and was minimally inhibited by BKPyV VLPs (median percent
inhibition, 0.4%; IQR, 0.0 to 2.2%; maximum inhibition,
10.5%).

Seroreactivity of samples from MCC patients and controls.
The prevalence of MCPyV capsid antibodies was greater
among MCC patients (91%) than controls (68%; P � 0.02; P �
0.32 after age adjustment) (Table 2). The mean level of
MCPyV antibodies was also greater (P � 0.005; P � 0.04 after
age adjustment). In contrast to the MCPyV results, there were
no case-control differences in BKPyV capsid IgG seropreva-
lence or antibody levels. Of the nine patients for whom MCC
tumor tissue was also available, MCPyV DNA was detected in

six (67%), with MCPyV copies per cell equivalent ranging from
8.0 to 15.6 (median, 10.5). The six DNA-positive MCC patients
were all MCPyV seropositive, compared to two of three DNA-
negative MCC patients. The mean level of MCPyV antibodies
was greater among the six patients with MCPyV DNA-positive
tumors than among the three MCPyV DNA-negative patients;
however, these differences did not reach statistical significance
(Table 3). In contrast, there were no differences in BKPyV
seroprevalence or antibody levels between MCPyV DNA-pos-
itive and MCPyV DNA-negative patients.

DISCUSSION

Using a newly developed VLP-based ELISA, we determined
the age-specific seroprevalence of Merkel cell polyomavirus, a
recently discovered human polyomavirus implicated in the eti-
ology of Merkel cell cancer, and compared its seroprevalence
to those of the first two human polyomaviruses to be discov-
ered, BKPyV and JCPyV, both isolated in 1971. MCPyV se-
roprevalence was 45% in children less than 10 years of age and
rose steeply during the subsequent decade of life to 60.5%.
Serological evidence of exposure during childhood is char-
acteristic of human polyomaviruses and has been well doc-
umented for BKPyV and JCPyV (5, 8, 12, 19, 27). In our
population, seroprevalence of MCPyV during the first 2
decades of life was lower than that of BKPyV, 79% at 10 to
19 years of age, and higher than that of JCPyV, 50% at 10
to 19 years of age. Differences in seroprevalence among these
viruses may be due to different efficiencies of transmission,
differences in the route of transmission, the frequency of peri-
natal transmission, or the extent of intra- versus interfamilial

FIG. 4. Age-specific seroprevalence of Merkel cell polyomavirus,
BK virus, and JC virus among 945 individuals recruited from hospital-
based general and subspecialty outpatient clinics. Serum samples were
tested at a 1:200 dilution in VLP-based ELISAs. The distribution of
reactivities of serum samples from children less than 10 years of age
was used to set cutoff points for seropositivity, and results are displayed
as the percent positive in 10-year age groups. Numbers used to con-
struct the graph are shown in Table 1.

FIG. 3. Electron micrograph of MCPyV VP1 virus-like particles at
a magnification of �105,000. The bar corresponds to 100 nm.
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spread of the viruses. The mode of transmission of MCPyV is
unknown. The virus has been detected in urban sewage, which
indicates that it may be disseminated through fecal-urine con-
tamination of water and spread by fecal/oral transmission (3).
In support of fecal/oral transmission, the virus has been de-
tected in the upper aerodigestive tract, digestive system, and
saliva (21). MCPyV has also been detected in tonsillar tissue,
nasopharyngeal aspirates, and nasal swabs and thus could be
spread by the respiratory route (2, 15, 16). MCC is a cutaneous
cancer, and MCPyV has been recovered from normal skin of
up to 40% of healthy adult volunteers, which would support
cutaneous transmission of the virus (13, 26). MCPyV was not
detected in 535 fetal autopsy samples, and thus vertical trans-
mission from mother to fetus does not occur or is very rare
(24). However, this does not exclude the possibility of perinatal
horizontal transmission at the time of birth. For BKPyV and
JCPyV, we have previously observed serological evidence of
possible perinatal infection manifested by a rising IgG titer and
IgM seropositivity (4). Serological evidence of exposure to
MCPyV in childhood has been reported previously. Chen et al.
observed a seroprevalence of 35% in children 4 to 13 years of
age (7), Kean et al. reported a seroprevalence of 34% in
subjects under the age of 21 (18), and Tolstov et al. described
a seroprevalence of 50% in children 15 years of age and
younger (28). Chen et al. and Tolstov et al. used VLP ELISAs
similar in design to our assay, while Kean et al. used an ELISA
with N-terminally glutathione S-transferase-tagged VP1 cap-
someres as the solid-phase antigen. The higher seroprevalence
in our study most likely reflects differences in populations,
although technical differences between assays cannot be ex-
cluded as an explanation. In our adult population, the sero-
prevalence ranged from approximately 66 to 81% in subjects

20 to greater than 70 years of age, with a trend of rising
seroprevalence with increasing age. This finding is consistent
with reports in the literature for other adult populations, where
seroprevalences have ranged from 46 to 88% (6, 18, 23, 28, 29).
The increase in seroprevalence with age suggests that trans-
mission may occur throughout life.

Our study and others that have examined age-specific sero-
prevalence of BKPyV have generally shown that seropositivity
is very common in infants and children, reaches peak preva-
lence in older children or young adults, and declines in older
individuals (10, 19, 27). The peak seroprevalence of 79% ob-
served in adults in the present study is consistent with data
from previous studies that observed peak prevalences ranging
from approximately 65 to 95%. The decline in BKPyV sero-
positivity with age may be due to waning of antibody levels over
time and suggests that exogenous or endogenous re-exposure
to BKPyV is less common later in life. In contrast, the main-
tenance of high seroprevalence of MCPyV even in older indi-
viduals suggests that there is a source of continued antigenic
stimulation for MCPyV. In support of possible age-related
differences in antigenic stimulation of BKPyV and MCPyV
antibodies, we observed a positive correlation between age and
MCPyV antibody levels and a negative correlation between
age and BKPyV antibody levels. Although seroprevalence of
JCPyV also increased with age, there was a null association
between age and JCPyV antibody levels. The positive correla-
tion of age and antibody titer for MCPyV may reflect unique
features of immune surveillance of MCPyV and deserves fur-
ther study. The age-related seroprevalence profile that we and
others (10, 18, 19, 27) have observed for JCPyV differs from
those for MCPyV and BKPyV. Of the three polyomaviruses,
JCPyV had the lowest seroprevalence among children less than

TABLE 1. MCPyV, JCPyV, and BKPyV age-specific seroprevalencea

Subject age
(yrs)

Total no. of
samples

No. (%) of
MCPyV-seropositive samples

No. (%) of
JCPyV-seropositive samples

No. (%) of
BKPyV-seropositive samples

�10 42 19 (45.2) 4 (9.5) 26 (61.9)
10–19 38 23 (60.5) 19 (50.0) 30 (78.9)
20–29 83 55 (66.3) 50 (60.2) 62 (74.7)
30–39 109 75 (68.8) 60 (55.0) 83 (76.1)
40–49 247 174 (70.4) 170 (68.8) 158 (64.0)
50–59 193 153 (79.3) 143 (74.1) 123 (63.7)
60–69 151 123 (81.5) 109 (72.2) 90 (59.6)
�70 82 60 (73.2) 66 (80.5) 45 (54.9)

a Two samples were excluded from the analysis because the ages of the participants were not available.

TABLE 2. Antibodies to MCPyV and BKPyV in MCC patients and controls

Antibody

Total no. of
samples

from MCC
patients

No. (%) of
seropositive

samples

Total no.
of samples

from
controls

No. (%) of
seropositive

samples

P value Mean antibody units (SD) in: P value

Crudea Age
adjustedb

MCC patient
samples Control samples Crudec Age

adjustedd

MCPyV capsid
IgG

33 30 (90.9) 36 25 (67.6) 0.02 0.32 1,876.0 (4,000.6) 1,521.5 (4,889.0) 0.005 0.04

BKPyV capsid
IgG

31 20 (64.5) 37 29 (78.4) 0.28 0.99 215.9 (461.1) 199.2 (583.8) 0.93 0.32

a Determined by Fisher’s exact test.
b Determined by logistic regression including seropositivity and age as continuous variables.
c Determined by a t test based on log-transformed antibody levels.
d Determined by logistic regression including log-transformed antibody levels and age as continuous variables.
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10 years of age (9.5%) and the highest among adults over 70
years of age (80.5%). Similar to that of MCPyV, the increasing
seroprevalence of JCPyV with age suggests that transmission
occurs throughout life. A higher seroprevalence in older adults
could be interpreted as a cohort effect. While this possibility
cannot be entirely excluded for MCPyV, a cohort effect is
unlikely to explain the age-related increase in seroprevalence
of JCPyV because smaller studies from the 1970s reported
similar trends.

For viruses within the same family, serological cross-reactiv-
ity is always possible. We have previously addressed this ques-
tion for BKPyV and JCPyV using competitive inhibition assays
and found no evidence of serological cross-reactivity between
the major capsid proteins of these two viruses (30). In the
present study, competitive inhibition assays with MCPyV and
BKPyV support the specificity of the responses, although
we cannot rule out cross-reactivity with other known human
polyomaviruses. In support of the specificity of seroreactivity,
we also found no evidence of a correlation between seroreac-
tivity to MCPyV and that to BKPyV or JCPyV. Kean et al. (18)
showed that MCPyV seroreactivity cannot be blocked by pre-
incubation with soluble VP1 protein of the phylogenetically
closely related polyomavirus lymphotropic polyomavirus. Tol-
stov et al. showed that the MCPyV reactivity of 4 serum sam-
ples was not blocked by preincubation with BKPyV capsids.
Pseudovirion neutralization assays for MCPyV also support
the species specificity of MCPyV seroreactivity (23, 28).

Seroepidemiological studies provide important evidence for
an etiological role of a virus in a human cancer by demonstrat-
ing a higher rate of exposure in cancer patients than in con-
trols. Similar to researchers in other studies, we found a higher
seroprevalence of MCPyV in MCC patients than in controls (6,
28), although the association was attenuated after age adjust-
ment, likely due to the high seroprevalence among controls
(68%) and the small sample size. The lack of association be-
tween MCC and BKPyV seropositivity indicates that the tumor
does not cause generalized antibody reactivity to polyomavi-
ruses. The findings support an etiological role for MCPyV in
MCC but also indicate that other factors play an important
role in the development of what is a rare cancer occurring in a
very small subset of individuals exposed to a nearly ubiquitous
virus. We also found that the level of MCPyV antibodies was
higher in MCC patients than controls, even after adjustment
for age, as has been reported in other serological studies of
MCC (6, 23, 28). The high levels in patients are unlikely to be
due to antigen stimulation from tumor cells because truncating
mutations in the large T-antigen gene are expected to block
viral replication and production of capsids. However, high lev-

els of antibody could be due to a high viral burden at the time
of initial exposure or subsequent reactivation and could be a
risk factor for development of MCC.

The age-specific seroprevalence of the newly discovered
MCPyV has in common with those of previously known poly-
omaviruses, BKPyV and JCPyV, evidence of widespread ex-
posure in human populations beginning early in life. However,
the pattern of MCPyV age-specific seroprevalence also has
unique features compared to those of the other two polyoma-
viruses. Seroprevalence among children is higher than that of
JCPyV but lower than that of BKPyV. Among older adults,
MCPyV seroprevalence remains high while that of BKPyV
declines and that of JCPyV continues to rise. Although our
study included a small number of subjects, we found an asso-
ciation between MCPyV seropositivity and MCC and higher
levels of serum MCPyV capsid antibodies in MCC patients
than in controls, as reported previously by other investigators.
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